We used noninvasive, infrared phototransducers to record continuously the heartbeat of common mussels, Mytilus edulis, experiencing successive phases of interaction with the predatory gastropod Nucella lapillus, from initial threat to attack and consumption. Coupling physiological monitoring with behavioural analysis allowed us to investigate in detail the responses of mussels to predation threat. Compared to values of normal feeding activity, heart rate increased significantly when mussels were in the presence of effluent from dogwhelks. When attacked by dogwhelks, mussels increased their heart rate further, together with the rate of valve gaping. Considering the heart rate as a reliable estimator of respiratory function, these cardiac responses might be a mechanism to compensate for increased energy demand in order to cope with predation hazard. If so, the theoretical importance of trading off energy balance against risk of predation is supported by our results. Cardiac and behavioural responses varied throughout the attack according to the penetration method adopted by dogwhelks. When mussels were attacked through a drilled hole, heart rate tended to increase and periods of cardiac pausing appeared close to the point of death. In contrast, mussels attacked by penetration between the valves showed decreasing heart rate throughout the attack, together with relatively earlier cessation of valve gaping and appearance of cardiac pausing. These differences clearly support the hypothesis that dogwhelks penetrating between the valves are able to induce muscular paralysis of prey by injecting toxins.
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Monitoring heart rate has been used extensively to study physiological responses of invertebrates to environmental fluctuations. For bivalve molluscs and other marine taxa in particular, investigations have addressed the effects of physicochemical variables, such as temperature, salinity, exposure to hypoxia and air (see Bayne et al. 1976; DeFur & Mangum 1978; Shick et al. 1986; Marshall & McQuaid 1993) . Few data are available, however, on physiological responses of subjects to perceived risk of predation (but see Metcalfe et al. 1987) or even to actual predatory attack. On the other hand, predation threat has been the object of much behavioural research, which theoretically and experimentally has shown how predation risk constrains the decision-making processes of prey (reviews in Godin 1990; Lima & Dill 1990; Sih 1993) . Attempts to estimate the fitness consequences of coping with predation threat have been made by quantifying changes in the time budget or behavioural efficiency, for example involving refuging, increased vigilance and associated reductions in foraging opportunity (e.g. Milinski & Heller 1978; Abrahams & Dill 1989; Vadas et al. 1994; Serra et al. 1997 ). An ideal experimental approach, however, would require behavioural responses to be monitored together with one or more estimators of the prey's physiological status, such as heart rate. This would allow the physiological demands of different responses to be directly inferred and therefore fitness consequences analysed in greater detail. New techniques for noninvasive monitoring of physiological states of selected invertebrates (see Depledge & Andersen 1990; Aagaard et al. 1991) potentially allow the above approach to be achieved, since animals performing normal activity can be monitored. We attempted this by monitoring in the laboratory both cardiac and behavioural responses of common mussels, Mytilus edulis, under successive phases of interaction with a predatory muricid gastropod, the dogwhelk, Nucella lapillus, from initial perceived risk of predation to final attack.
